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A recenttrendin CFD is thestudyof �o ws in-
volving morethanone�uid. Of particularimpor-
tancein thiskind of �o w is thecorrectrepresenta-
tion of theinterfaceamongdifferent�uids ateach
stepof the simulationprocess.In this work, we
areusingthe level setmethodto correctlylocate
theinterfacesharedby two different�uids. In the
level setmethodologythe�uid interfaceis repre-
sentedasthe zerolevel setof a smoothfunction
thatsatis�esthefollowing advectionequation:

f t
�

u � Ñf � 0

whereu is theinterfacevelocity [1]. Thelevel set
functionis asigneddistance(i.e. � Ñf ��� 1 andf
attainsoppositesignsondifferent�uids). Thisal-
lows for straightforwardcomputationof geomet-
ric andphysicalquantitiesof interest,suchasnor-
mal vector, interfacecurvatureand surfaceten-
sion. The mostattractive featureof the method
is that the interfacedoesnot needto be tracked
explicitly and that topological changessuch as
merging of interfacesor splitting of materialdo-
mainsin multiplecomponentsareeasilyhandled.
We alsoemphasizethat themethodis readilyex-
tendableto threedimensions.

Our starting point in this investigationis the
implementationof a2D pressure-correction�nite
differenceincompressibleNavier-Stokes solver.
Thecomputationalgrid we areusingis the clas-
sical MAC grid for which pressureandthe level
setfunctionarede�ned at elementcenters,while
velocitiesarecomputedat elementedges. The
secondpartof this researchis devotedto theap-
plication of our numericalschemeto two phase
�o w. Theinterfaceateachsimulationstepis eval-
uatedaccordingto the level setequation.Unfor-

Maximumstretch pro�les (left column)and ini-
tial/�nal time pro�les (right column)for the re-
versiblevortex casewith a 2562 mesh.Thecom-
puted pro�le is coloured with black, while the
initial pro�le is red coloured. Central differenc-
ing for the level set equation(�r st row) results
in an oscillatory solution althoughthe symmet-
ric differencebetweentheinitial and�nal pro�le
is minimal. TheENO (secondrow) and WENO
(third row) schemesyield a slightly larger sym-
metricdifference, however they bothexhibit sub-
stantially smootherpro�les with WENO being
moreaccurate.
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Flowchart of the coupledNavier-Stokes solver
with thelevelsetscheme.

tunately, f nolongerremainsasigneddistanceaf-
ter several timesteps.To remedythis de�ciency,
thefollowing reinitializationequation[1] is intro-
duced:

f t � S� f 0 �

� 1 � � Ñf �

�

where S� f 0 �

� sign� f 0 �

and f � x � t;0
�

� f 0 � x
�

.
The latter is solved to steady-stateto ensurethat
thesigneddistancepropertyof thelevel setfunc-
tion is preserved.Temporaldiscretizationof both
the level setandreinitializationequationutilizes
astandardsecondorderRunge-Kuttascheme.To
descritizespatialderivativesof thelevel setequa-
tion we areemploying central,upwind, third or-
der ENO and �fth order WENO schemes[2].
For the reinitialization equationa secondorder
ENO schemehasbeenused. We alsonote that
discontinuousdata acrossthe �uids' interface,
suchasdensity, viscosityandthe Heaviside and
Dirac deltafunctionsaremolli�ed to obtainnon-
oscillatorysolutions.

Several representative case studies are in-
cluded. Speci�cally, we considerthe reversible
vortex problem, for which the velocity �eld is
known a priori , to demonstratetheef�cacy of the
methodin resolvingthin �lament structures.Fi-

Evolution of a rising gas bubble in a �uid.
Thebubbleshapesat non-dimensionaltime t �

0 � 1 � 5 � 3 � 0 � 4 � 5 are depicted. TheReynoldsnum-
ber for this caseis Re � 10� 000 and the gas to
�uid densityand viscosityratios are r g �

r f �

0 � 2 � µg �

µf � 0 � 015 , respectively. Thecomputa-
tional domainis a unit square anda 322 meshis
employed.

nally, thecoupledcodehasbeenutilized to simu-
latemotionof anair bubblein a �uid subjectto a
gravitational�eld.
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phasē ow, Journalof ComputationalPhysics114, 146-
159(1994).

[2] G. Jiang, D. Peng, Weighted ENO schemesfor
Hamilton-Jacobiequations,SIAM Journalof Scienti®c
Computing21, 2126-2143(2000).

http://math.lanl.gov/, T-7, MS B284, Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87545


